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techniques can be revealed by means of color flow duplex
scanning.6 Although other modalities, including rapid
sequence computed axial tomography scans and magnetic
resonance angiography, have been proposed as means of
identifying pseudo-occlusions of the ICA, duplex scanning
has the added advantage of being a means of assessing
arterial wall characteristics and perhaps operability.7,8
However, some low-flow, preocclusive arteries may escape
detection when only standard arterial duplex scanning
protocols are used. 
Pseudo-occlusions of the ICA have also been termed
string sign, poststenotic carotid slim sign, hypoplasia, and
nearly occluded.9-12 Although the exact incidence of
pseudo-occlusions of the ICA remains elusive, it is esti-
mated to account for 0.5% to 10% of all carotid
endarterectomy cases.4,5,13 Additionally, it is conceivable
The use of color flow duplex scanning examination of
the carotid artery has facilitated the detection of patent
internal carotid arteries (ICAs) subjected to extremely low
flows because of critical stenosis (95%-99%) or string
sign.1-5 At times, a patent ICA that was deemed to be
occluded by means of selective invasive arteriographic
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Pseudo-occlusions of the internal carotid artery: A
rationale for treatment on the basis of a modified
carotid duplex scan protocol
Enrico Ascher, MD, Natalia Markevich, MD, RVT, Anil Hingorani, MD, and Sreedhar Kallakuri,
MD, Brooklyn, NY
Purpose: We report on a modified duplex scanning technique that may be a means of detecting a patent internal carotid
artery (ICA) previously believed to be occluded by means of magnetic resonance angiography (MRA), standard duplex
protocols, or both. In addition, we attempted to develop selection criteria for operability in this setting, on the basis
of the lumen diameter and wall thickness of the post-stenotic ICA segment.
Method: In the past 22 months, 17 patients (12 men; 5 women) with ICA occlusions reported by means of MRA (10
patients) or by means of duplex scanning (7 patients) were found to have patent arteries when subjected to this duplex
scanning protocol: (1) the use of low pulse repetition frequency (150-350 Hz), maximal persistence, and sensitivity of
color and power angiography modes; (2) the use of an 8-MHz to 5-MHz probe as a means of visualizing the most dis-
tal extracranial segment of the ICA; and (3) measurements of the lumen diameter and wall thickness of the post-stenotic
ICA. The age of patients ranged from 53 to 80 years (mean age, 71 years). Seven patients (41%) had no symptoms.
Results: Extremely low peak systolic and end-diastolic velocities were detected distal to the stenotic segment in the ICA
in all cases, and they varied from 5 to 30 cm/s (mean, 14 ± 8 cm/s) and 0 to 8 cm/s (mean, 4.5 ± 2.0 cm/s), respec-
tively. The luminal diameter of the post-stenotic ICA varied from 0.7 to 3.6 mm (mean, 2.0 ± 1.1 mm), and the wall
thickness ranged from 0.6 to 1.4 mm (mean, 0.9 ± 0.3 mm) in all patients. Twelve patients (71%) were examined with
the intent of performing an endarterectomy. Of these, eight patients (47%) underwent successful operations with
patches (3 vein; 5 synthetic), and four (29%) were found to have unreconstructable disease. The ICA lumen diameter
and wall thickness in all eight patients who underwent endarterectomies were 2 mm or larger and 1 mm or thinner,
respectively, whereas they were smaller than 2 mm and thicker than 1 mm, respectively, in the remaining four patients
(P < .01). The last five patients were observed because they had small ICAs (lumen <2 mm) with thickened walls (>1
mm). Intraoperative and early postoperative duplex scanning examinations were performed in the eight ICAs that were
successfully reconstructed. In these patients, the ICA lumen diameter increased from a mean of 2.9 ± 0.4 mm preop-
eratively to a mean of 4.4 ± 0.3 mm 2 weeks postoperatively (P < .001). Intraoperative ICA flow volumes were also
measured after the endarterectomy, and they varied from 55 to 242 mL/min (mean, 115 ± 53 mL/min) and ranged
from 122 to 220 mL/min (mean, 159 ± 34 mL/min) 2 weeks postoperatively. One patient who did not undergo sur-
gical exploration died of chronic renal failure and congestive heart failure within the first month of follow-up. The
remaining 16 patients had no neurological symptoms and were alive after a follow-up period of 2 to 22 months (mean,
8 ± 5 months).
Conclusion: The proposed duplex protocol appears to be an effective means of identifying some patients with patent
ICAs that were believed to be occluded by means of standard examinations. In addition, such patients may be candi-
dates for an endarterectomy if the ICA post-stenotic lumen diameter is 2 mm or larger and the wall thickness is 1 mm
or thinner. (J Vasc Surg 2002;35:340-5.)
that many patients with neurological symptoms who are
diagnosed with the so-called carotid stump syndrome may
have had cases of near total occlusion of the ICA.14 These
symptoms may have been caused by either an atheroscle-
rotic lesion or acute partial thrombosis with a tail clot that
continued to embolize. Clearly, some of these patients
could have potentially benefitted from a carotid
endarterectomy performed by experienced vascular sur-
geons had their condition not been misdiagnosed by
means of less-sensitive imaging modalities. Conversely,
some cases of pseudo-occlusion of the ICA are not
amenable to surgical repair because of a thickened wall and
very small lumen throughout their extracranial course.
Some authors have recommended routine exploration
for all patients with near total occlusion or string sign of
the ICA.13,15,16 However, the mere demonstration of a
wisp-like filling of an extracranial ICA was not a sufficient
means of confirming operability, because many of the
reported cases ultimately required arterial ligation. This
was primarily because an operable thin and collapsed ICA
could not be distinguished from an inoperable thickened
and atretic one by using arteriography. Accordingly, it is
logical to assume that the use of duplex imaging may help
refine criteria for operability by measuring the wall thick-
ness and the residual lumen. More recently, some investi-
gators have suggested operability criteria that included an
ICA peak systolic velocity greater 120 cm/s and a “nor-
mal” size distal ICA greater than 3 mm.5 Conversely, the
outer diameter of the ICA may not necessarily correlate
with its residual lumen, particularly in cases of string sign.
In the past 22 months, we have identified 17 cases of
pseudo-occlusions of the ICA that were diagnosed by
means of our modified duplex scanning protocol. Because
our experience diverged in part from the ones published in
the literature, we decided to report our findings and to
propose a new criterion for operability on the basis of
duplex scanning techniques and parameters, including
arterial wall thickness and distal ICA lumen diameter. The
use of such a protocol may increase detection of patent
ICAs that were previously believed to be occluded and
may avert unnecessary surgical explorations.
MATERIAL AND METHODS
Seventeen patients were referred to the Vascular
Division of Maimonides Medical Center in New York
from July 1, 1999, to April 30, 2001, with occluded ICA
diagnosed by means of standard duplex scanning protocol
(7 cases) or magnetic resonance angiography (10 cases).
There were 12 men and five women whose ages ranged
from 53 to 80 years (mean, 73 ± 7 years). Seven of these
patients had mild strokes, three had transient ischemic
attacks, and the remaining seven patients had no neuro-
logical symptoms. Associated risk factors included hyper-
tension (81%), diabetes mellitus (44%), smoking (38%),
and coronary artery disease (25%). Fourteen patients
(81%) were taking antiplatelet medications (aspirin, 6
patients; plavix, 3 patients) or warfarin (5 patients). The
status of the contralateral ICA was occluded in one case,
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critically diseased (90%-99%) in one case, moderately dis-
eased (50%-69%) in five cases, and mildly diseased (<50%)
in three cases, and seven patients had contralateral carotid
endarterectomies. All 17 patients had repeat bilateral
carotid duplex scans performed at our ICAVL-accredited
vascular laboratory, and these tests were performed by a
registered vascular technologist with extensive experience
in cerebrovascular studies using an ATL HDI 5000 scan-
ner and an L 7-4-MHz probe.
Modified carotid duplex scanning protocol. Stan-
dard settings for cerebrovascular duplex scanning exami-
nations are usually between 3000 and 3500 Hz pulse
repetition frequency (PRF) and medium levels of wall fil-
ter, persistence, and sensitivity for Doppler and color
mode. When patency of the ICA cannot be confirmed
with these settings, the technologist should select standard
venous settings (2000 Hz PRF; low wall filter) in an
attempt to detect lower flow velocities. In cases in which
color flow is still not detectable in the ICA with the latter
settings, these maneuvers may be helpful: (1) the use of
color power angiography (CPA); (2) the use of low PRF
for Doppler (1250 Hz), color (150-350 Hz), and CPA
(500 Hz) scanning to demonstrate the slowest detectable
flow velocity; (3) increasing the color persistence and sen-
sitivity to the maximum; (4) increasing CPA persistence
and sensitivity to the maximum; (5) the use of the lowest
wall filter; (6) the insonation of the common and external
carotid arteries to exclude branches (higher resistive
index) that could mimic a small ICA; and (7) the exclusion
of an aberrant ICA branch with color and spectral analysis
(Fig 1). When the ICA appears to be occluded despite the
aforementioned settings, it is advisable to insonate the
most distal extracranial segment of the ICA with a C 8-5-
MHz probe to extend the field of view and to visualize a
patent ICA segment beyond the area of “occlusion.”
Fig 1. Distal ICA patency detected by means of the modified
carotid duplex scanning protocol. Note the low PSV, less than 5
cm/s. The ICA was diagnosed as occluded by means of an earlier
magnetic resonance angiogram.
Once a wisp of color is visualized in the ICA, the use
of high-definition magnification allows for more precise
measurements of the lumen diameter and wall thickness of
the stenotic and post-stenotic arterial segments.17,18
These measurements are obtained in a longitudinal plane
by using color scanning and CPA for better lumen defini-
tion. Furthermore, Doppler spectral waveform analysis is
routinely performed in the distal ICA as a means of ensur-
ing that the visualized color represents intraluminal flow
and not just the motion of a thrombosed ICA caused by a
pulsating common carotid artery (CCA).
Statistical analysis. Unpaired t tests (WinKS version
4.6, TexasSoft, Cedar Hill, Tex) were used as a means of
correlating ICA outer diameter, lumen diameter, and wall
thickness in three patient groups (endarterectomy, ICA
ligation, or conservative management).
RESULTS
Seventeen cases were found to have patent ICAs when
subjected to the modified duplex scanning protocol. The
peak systolic velocity (PSV) ranged from 5 to 30 cm/s
(mean, 14 ± 8 cm/s), and the end-diastolic velocity
(EDV) ranged from 0 to 8 cm/s (mean, 4.5 ± 2.0 cm/s)
in the post-stenotic ICA segment. Resistive index (RI) in
the ICA varied from 0.44 to 1.0 (mean, 0.73 ± 0.16).
None of these cases had increased ICA PSV or EDV. The
CCA PSV ranged from 26 to 306 cm/s (mean, 78 ± 67
cm/s), and the CCA EDV ranged from 0 to 25 cm/s
(mean, 5 ± 6 cm/s). The CCA RI varied from 0.8 to 1.0
(mean, 0.93 ± 0.1). The outer diameter of the distal ICA
varied from 3.0 to 4.9 mm (mean, 3.8 ± 0.6 mm), whereas
the luminal diameter varied from 0.7 to 3.6 mm (mean,
2.0 ± 1.1 mm). The distal ICA wall thickness ranged from
0.6 to 1.4 mm (mean, 0.9 ± 0.3 mm) in all cases.
Surgical treatment. Twelve of the 17 patients under-
went surgical exploration with the intent of performing an
ICA endarterectomy. In eight of these patients (group I),
a successful ICA endarterectomy was possible. In the
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remaining four patients (group II), the ICA was found to
be too small and thickened. In two of these patients,
attempts at endarterectomy were unsuccessful, and both
ICAs were ligated intraoperatively. In the remaining two
patients, the ICA was simply ligated. The range and mean
values of the outer diameter, lumen, and wall thickness 
of the ICA for the eight patients with successful
endarterectomies were compared with those for the four
patients in whom the ICA was ligated. Although the mean
values for the outer diameter of the ICA were significantly
different between groups I and II, there were four cases
that overlapped. However, the absolute values for the ICA
lumen diameter and wall thickness did not overlap
between all group I patients (≥2 mm and ≤1 mm, respec-
tively) and all group II patients (<1 mm and >1 mm,
respectively; P < .01).
Intraoperative findings. All patients in group I
underwent carotid endarterectomies performed with gen-
eral anesthesia. A critical occlusive plaque was found in all
eight cases, and in two of these patients, a superimposed
floating clot was noted to extend beyond the stenotic seg-
ment. They were all patched (3 vein; 5 synthetic), and
only one patient underwent a shunting procedure.
Pulsatile back-bleeding from the distal ICA was noted in
the remaining seven patients who did not undergo a
shunting procedure. The adequacy of the reconstructions
was assessed by means of intraoperative duplex scanning
performed immediately after cross-clamp release. No sig-
nificant residual disease or technical defects were revealed
by means of B-mode imaging, color flow, CPA, and spec-
tral analysis of operated ICAs (Fig 2). Intraoperative mean
ICA volume flows ranged from 55 to 242 mL/min
(mean, 115 ± 53 mL/min).19-22 The ICA PSV and EDV
ranged from 33 to 74 cm/s (mean, 51 ± 13 cm/s) and 13
to 34 cm/s (mean, 19 ± 6 cm/s), respectively. The ICA
RI ranged from 0.45 to 0.77 (mean, 0.62 ± 0.1).
Postoperative internal carotid artery duplex scan-
ning. Follow-up duplex scans were performed 2 weeks
after endarterectomies, and mean ICA volume flows rang-
ing from 122 to 220 mL/min (mean, 159 ± 34 mL/min)
were shown. In these patients, the luminal diameter of the
ICA (measured distal to the patch area) increased from a
mean of 2.9 ± 0.4 mm preoperatively to a mean of 4.4 ±
0.3 mm postoperatively (P < .001). The absolute mean
increase of the ICA lumen was 151% ± 17%. The outer
diameter of the ICA increased from a mean of 4.3 ± 0.5
mm to a mean of 5.8 ± 0.5 mm (P < .001). The wall thick-
ness of the ICA remained unchanged (0.7 ± 0.1 mm).
Non-operative treatment. Five patients with ICA
lesions that were considered to be unreconstructable (wall
thickness >1 mm and lumen diameter <2 mm) were
observed. The range and mean values of the outer diame-
ter, lumen, and wall thickness of the ICA for all five patients
were 3.0 to 3.6 mm (3.3 ± 0.3 mm), 0.7 to 1 mm (0.8 ±
0.1 mm), and 1.1 to 1.4 mm (1.3 ± 0.1 mm), respectively.
Patient survival and neurological outcome. One
patient who did not undergo surgical exploration died of
chronic renal failure and congestive heart failure within
Fig 2. Normal intraoperative completion duplex scanning image
of the ICA shown in Fig 1.
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the first month of follow-up. The remaining 16 patients
were alive and had no neurological symptoms after a fol-
low-up period from 2 to 22 months (mean, 8 ± 4
months).
DISCUSSION
As duplex scanning technology evolves and becomes
more accurate, vascular surgeons and vascular technolo-
gists have the opportunity to develop new applications
that use the newest capabilities of modern scanners.
Recently, we successfully used duplex arterial mapping to
replace invasive contrast arteriography for infrainguinal
reconstructions in most of our patients.23 In this study, we
have shown that a modified duplex protocol can allow
visualization of some patent ICAs that were previously
believed to be occluded with magnetic resonance angiog-
raphy studies or standard arterial duplex scanning proto-
cols. It is important to emphasize that it is not our intent
with this article to speculate on the incidence of pseudo-
occluded arteries, because even in our laboratory not all
patients were subjected to the modified carotid duplex
scanning protocol, and it is possible that many of the
“occluded” ICAs in this study may be patent with
extremely low flows. We are in the process of re-scanning
in these patients with the new protocol.
The accuracy of color flow duplex scanning in the
detection of pseudo-occlusions has varied from 83% to
93% when compared with standard contrast arteriogra-
phy.4,24 These results were much better than the 28%
accuracy for angiographically confirmed string sign diag-
nosed by means of B-mode and Doppler spectral analysis
before 1990.3 Obviously, this is a reflection of superior
refinements in duplex scanning engineering. In our expe-
rience, none of the patients underwent arteriography
because we did not believe that it would have added
more information than that obtained by means of the
duplex scanning study. Visualization of the entire ipsilat-
eral CCA was often possible with ultrasound scanning
imaging. However, the intracranial portion of the ICA
cannot be evaluated appropriately by using the proposed
duplex scanning technique, and significant disease can
certainly be missed, potentially affecting the outcome of
the endarterectomy. Alternatively, arteriography may also
fail as a means of visualizing the runoff because of
extremely low-flow situations. Additionally, O’Leary and
his colleagues25 have demonstrated an increased inci-
dence of strokes after carotid arteriography in patients
with pseudo-occlusions. Thus, it is recommended that an
intraoperative completion duplex scanning or arterio-
graphic study be performed as a means of ensuring not
only the adequacy of the endarterectomy, but also the
status of the runoff in these high-risk cases. Low resistive
index with intraoperative duplex scanning should cor-
roborate an unimpeded runoff. Unfortunately, our pres-
ent experience with an ICA EDV of 0 is very limited, and
it is not reasonable to speculate on this finding. Two of
the eight patients who had an ICA EDV of 0 preopera-
tively underwent successful carotid endarterectomies and
had completion duplex scanning examinations by which
these values were shown to have increased to 14 cm/s
and 18 cm/s.
We did not attempt to validate the duplex scanning
measurements with direct intraoperative measurements
because we believed that the latter would be less accurate
because of manipulation of the carotid artery during dis-
section and resultant spasm. The tremendous magnifica-
tion provided by means of the duplex scanning image
allows for more reliable measurements of the arterial
lumen, wall thickness, and outer diameter.17,18
It is well established that contralateral ICA stenosis
may influence the diagnostic accuracy (spectral analysis,
not B-mode imaging) of the ipsilateral site. We believe
that the cases presented in this study are so severe that
one can assume that they would remain hemodynami-
cally significant even if the contralateral carotid artery
stenosis would have been repaired. In general, the
observed changes in diameter reduction in the con-
tralateral carotid artery after carotid endarterectomies
are found in patients with less severe lesions. There were
no changes in the hemodynamic and anatomical param-
eters obtained for the pseudo-occluded ICAs in any of
the seven patients who underwent contralateral carotid
endarterectomies.
Volume flows as measured by means of duplex scan-
ning are thought to be innacurate and difficult to
reproduce. However, other authors have shown that
this perception is invalid.19-22 We routinely measure
volume flows in the ICA as part of our completion
duplex scanning studies and have even used relatively
low-flow volumes to change our treatment. In these cir-
cumstances, we avert the use of protamine and give
intravenous dextran.26
Once the diagnosis of pseudo-occlusion is established,
the surgeon is faced with a dilemma about the optimal
management of this condition, because its natural history
is not well known. Although O’Leary reported that three
of seven patients with pseudo-occlusions sustained a
stroke within 3 months of medical treatment, similar dis-
mal results have not yet been reported.4,15,27 Thus far, no
large series on this subject have been published, and learn-
ing is limited to a handful of articles describing few
patients with a relatively short follow-up period. For
patients with transitory ischemic attacks or strokes, the
surgeon’s choices are to perform an endarterectomy or to
ligate the ICA to prevent further embolization. Mehigan
and Olcott27 have suggested that ligation is a safe alterna-
tive for these patients because four of their patients with
string sign underwent uneventful ICA ligations. So far, the
decision between ligating the ICA versus performing an
endarterectomy appears to be made on the basis of intra-
operative findings, with the former being applied only
when an endarterectomy is deemed technically unfeasible
or dangerous. Archie13 suggests that unless the outer
diameter of the ICA is more than 4 mm one should not
expect good results after endarterectomy. Our data dis-
agree with his findings and highlight the importance of
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measuring the lumen diameter and the wall thickness
before manipulation of vessel. Arterial spasm is a common
feature during dissection and exposure of the ICA, and
this can certainly interfere with the accurate measurement
of both the outer and inner lumen diameter. Indeed, the
ICA may enlarge significantly in the subsequent 2 weeks
after operation. We noticed a 150% increase in lumen
diameter of the ICA in this period.
For patients with no neurological symptoms, the deci-
sion to operate is not as evident, particularly when the sur-
geon does not know whether the ICA may end up being
ligated. The duplex scanning criteria described in this arti-
cle may assist in the decision-making process by serving as
a means of selecting candidates for endarterectomy.
Consequently, they may be used as a means of avoiding
unnecessary surgery in inoperable arteries.
Although hyperperfusion syndrome is a real threat in
patients with critical and chronic ICA stenoses, particu-
larly in the presence of contralateral disease, none of our
eight patients with an endarterectomy had severe
headaches, seizures, or stroke. It is possible that an
increased experience with such cases will show this entity
to occur in a small percentage of patients, not enough to
forgo carotid endarterectomy as has been reported by
other authors.4 Careful attention was given to the control
of postoperative hypertension in our patients, and this may
have contributed to the observed good results, despite the
presence of severe contralateral carotid disease in two of
the patients.
The data described reflect the capabilities of the newer
duplex scanners when used by an experienced vascular
technologist with the supervision of interested vascular
surgeons. We believe that our modified duplex scanning
protocol can provide reliable information about pseudo-
occlusions of the ICA, even when patency is not demon-
strated by means of magnetic resonance angiography.
Furthermore, the lumen diameter and the wall thickness
appear to be acceptable predictors of ICA operability. We
recognize that our study is preliminary and our conclu-
sions need to be confirmed by other authors before wide-
spread use of the proposed duplex scanning protocol.
However, we feel confident that by using a carefully per-
formed duplex scanning examination, a patent ICA that
was previously believed to be occluded by means of other
imaging techniques can be detected. An atretic ICA with
a lumen diameter less than 2 mm and a thickened wall (>1
mm) should be observed in the patient with no neurolog-
ical symptoms, and it should be ligated in the patient with
symptoms.
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Dr Ali AbuRahma (Charleston, WVa). Do you have any
experience of contrast ultrasonography in identifying some of
these total occlusions?
Dr Enrico Ascher. No, I don’t, but it is a very good question
and certainly may add in improving our pickup rate. I think it’s a
good thing to think about.
Dr J. Dennis Baker (Los Angeles, Calif). You indicated that
your MRA scans were not highly accurate. Were these performed
with intravenous contrast?
Secondly, one of the situations where a string sign is seen is
the low internal carotid artery dissection. Given your experience,
do you have any advice on distinguishing a dissection with a very
small residual lumen from a string sign due to severe atheroscle-
rotic plaque?
Dr Ascher. Two excellent questions.
The first one, yes, all these patients had the gadolinium used
for the MRA studies. The second question is much harder to
answer. Once you open that string sign, there is so much damage,
it’s really hard to know. So I cannot tell you for sure whether this
was a localized dissection or was just pure atherosclerosis. It’s very
hard to find out. As a matter of fact, I have a theory that a lot of
these atherosclerotic lesions actually are localized dissections, and
we think they are just atheromatous.
Dr Russell H. Samson (Sarasota, Fla). I would like to thank
Enrico for reduplicating our work which was published in
Cardiovascular Surgery in 1999 and which Dr Jonathan Towne,
in his review in the Journal of the American College of Surgeons,
suggested was one of the more important contributions to the
subject of carotid surgery. So my question to Enrico is: Enrico, do
you read the journal Cardiovascular Surgery?
Dr Ascher. When I was a visiting professor in your place, you
made sure to let me know, and I read it carefully, Russell, and I
certainly want to congratulate you for being the first one to try to
develop a protocol to differentiate patients who require ligation
or conservative approach versus surgery. But as I said, you only
tried, you didn’t give the answer in your paper, and I hope we can
give you the answer now.
Dr James R. Debord (Peoria, Ill). In those patients that you
ligated the internal carotid, did you consider external carotid
endarterectomy?
Dr Ascher. No, we did not consider it. I know some other
authors, I think maybe Russell Samson, have done external
carotid endarterectomies. If the patients are asymptomatic, we
don’t feel that external carotid is a major source of problems, and
actually we have not done it.
Dr Thomas F. O’Donnell, Jr (Boston, Mass). I have one
question from the study design point of view. Since you didn’t
explore all arteries, you don’t have a gold standard. You employed
the diagnostic modality under question as your gold standard, so
you’re unable to talk about false-positives or false-negatives; is
that right?
Dr Ascher. That’s right.
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